A new detection test for the mycoplasmas causing contagious agalactia, Mycoplasma agalactiae, M. capricolum subsp. capricolum and M. mycoides subsp. mycoides L.C., was developed. It was based on two polymerase chain reaction assays: the Ma-PCR for the detection of M. agalactiae and the MYC-PCR for the 'mycoides cluster thus including M. capricolum subsp. capricolum and M. mycoides subsp. mycoides L.C. An M. agalactiae strain was identified by a 933-bp Ma-PCR product and no amplification with the MYC-PCR. In contrast, a 460-bp MYC-PCR product and a negative or a 350-bp Ma-PCR product characterized a 'mycoides cluster' strain. M. capricolum subsp. capricolum and M. mycoides subsp. mycoides L.C. were identified by their species-specific AseI pattern of the 460-bp MYC-PCR product.
Introduction
Contagious agalactia (C.A.) is a transmissible mycoplasmosis of sheep and goats, manifested clinically in the form of mastitis, arthritis and keratitis [l] .
Mycoplasma agalactiae
is the historical agent of C.A. However, two other mycoplasmas can also be responsible for this syndrome, M. capricolum subsp. capricolum and M. mycoides subsp. mycoides LC [2, 3] . These three mycoplasmas have a world-wide distribution [I] . A fourth mycoplasma, M. putrefaciens, causing mastitis in goats, has also been de-scribed, principally in the USA but some strains were isolated from Australia and France [2,4-61. The economic importance of this disease is considerable within affected regions. It may cause a fall in milk production in dairy breeds and the loss of many young animals in meat breeds [1, 4] .
The main reservoir of mycoplasmas is the infected animal in which the bacteria can persist after clinical recovery for more than one year. Such animals are inapparent sources of infection. The young become infected directly at suckling while adults are infected by means of the milker's hands or by bedding contaminated with infected milk [l] . The disease might be prevented by early identification of the pathogen in milk. Thus, there is a need for a sensitive detection method suitable for the clinical laboratory.
Current routine diagnostic methods are time-consuming and limited by serological cross-reactions between some of these mycoplasmas, especially those belonging to the 'mycoides cluster ' (i. DNA probes are very sensitive and specific but are less effective for direct detection in clinical specimens when a non-radioactive label is used. In vitro DNA amplification via the polymerase chain reaction (PCR) is a promising, new technology that may be adapted to this clinical problem. High sensitivity and direct DNA amplification from biological samples without prior isolation make it a powerful diagnostic tool [8, 9] .
In the present report we describe the development of a two PCR-based assay for the rapid detection and identification of three of the mycoplasmas involved in contagious agalactia: M. agalactiae, M.c.capricolum and M.m.mycoides LC. Table 1 lists the bacterial strains used in this study as well as their host species and country of origin, with the exception of those previously described [9] . The 14 M. agaluctiae strains numbered 94093 were kindly provided by Dr. Poumarat (CNEVA, Lyon, France). The six M. bovis strains (120/81, 454/81, 422/88, 213/89, 221/89 and 223/89) were kindly provided by Dr. Hotzel (BGVV, Jena, Germany) and previously described [lo] . All other strains came from the CIRAD-EMVT (FAO Regional Center for Animal Mycoplasmas, Maisons-Alfort, France) collection. The organisms were grown in Bacto-tryptose (BT) medium (Difco) at 37" C. Genomic DNA was extracted as described by Brenner et al. [ 111. 
Materials and methods

Bacterial strains, culture and DNA extraction
M. agalactiae-specific oligonucleotide primers
The reference strain PG2 of M. agalactiae was used to develop a specific probe and primers for PCR. Genomic library, screening and hybridization techniques were performed as previously described for M.c.cupricolum [12] . DNA sequencing was performed using the dideoxynucleotide technique of Sanger [13] and the T7 sequencing kit (Pharmacia-LKB, France) according to the manufacturer's instructions.
A pair of oligonucleotide primers was selected and synthesized with the Oligo 1000 DNA synthesizer (Beckman, CA, USA). This set of primers allowed the amplification of a 933-bp fragment. The sequence of the sense primer AGl is S'ATTAAAG-TATGATTGAATATTG3' and the anti-sense primer AG2 is SCATGATCTTGAGGACATAAGCAS. The targeted sequence has internal restriction sites for the endonuclease TaqI.
The mycoides cluster-specific oligonucleotide primers
A second set of primers, MYCl-MYC2, was selected as previously described [9] from the sequences established for six representative mycoplasmas of the 'mycoides cluster' [14] . The targeted sequence of about 460-bp has internal restriction sites for the endonuclease AseI, allowing the discrimination of
M.c.capricolum
and M.m.mycoides L.C.
Sample preparation
Specificity of PCR assays was checked, for all strains tested, using genomic DNA (100 ng) or an aliquot of a culture corresponding to 10' colony forming units (cfu). The determination of cfu was performed according to [15] . Caprine genomic DNA extracted from goat lymphocytes was also assayed.
The sensitivity of each PCR assay was tested, using exponential phase-cultures of M. agalactiae strains and M.m.mycoides L.C. strains, respectively. The cultures were titrated and serial ten-fold dilutions were prepared in BT medium. Ten ~1 of each dilution were used for PCR assay.
PCR assay
Amplification
was performed with the Tf thermostable DNA polymerase derived from Thermus fzavus (Epicentre-technologies, WI, USA), using an automated DNA thermal cycler (TECHNE PHC-3, NJ, USA). For each sample, the two PCR assays were performed in parallel, each with one set of primers: AGl-2 or MYCl-2, respectively. PCR amplification was carried out in a 50 pl-volume reaction containing 2.5 ~1 of a 20 X concentrated reaction buffer (1 M Tris-HCl, pH 9.0; 0.4 M (NH,),SO,) 1.5 mM MgCl,, 0.3 ELM of each primer, 240 PM of each dATP and dTTP, 160 PM of each dCTP and dGTP, 1 U of Tfl polymerase and purified water to 40 ~1. The lo-,ul samples (DNA or culture) were denatured for 5 min in a boiling water bath, added and overlaid with 40 ~1 of mineral oil.
Thermal cycling consisted of 35 cycles comprising a denaturation step of 45 s at 92" C, an annealing step of 45 s at 54" C and an extension step of 1.5 min at 72" C with the exception that the final extension step was extended for 5 min.
Detection of amplified products
The amplified products were detected by direct gel analysis and by dot-blot hybridization (DBH). For direct gel analysis, 10 ~1 of each amplified sample were subjected to electrophoresis in an ethidium bromide-stained 1% Seakem GTG agarose-gel (FMC, ME, USA). The DNA was visualized by UV fluorescence and photographed.
For DBH, each probe was digoxigenin-labelled by PCR using the AG1/2 or MYC1/2 set of primers, respectively. Labelling, dot-blot, hybridization and detection with chemiluminescence were as previously described [9] .
Digestion of umplified products
M. agulactiae-specific identification was confirmed by TuqI digestion of the amplified product. M.m.mycoides L.C. and M.c.cupricolum were identified by the Asel-restriction pattern of the 460-bp amplified products, respectively.
Analysis of the digestion products was performed by electrophoresis in a 4% NuSieve GTG agarose gel (FMC, ME, USA).
Results and discussion
The aim of this study was to improve the diagnosis of C.A. by developing a detection test for the three mycoplasmas commonly involved in this syndrome. The developed test was based on two PCR assays, the Ma-PCR for the detection of M. uguluctiue and the MYC-PCR for the 'mycoides cluster'. A third set of primers, isolated from a M.
putrefizciens-genomic
library, is under study. The Ma-PCR was developed from a speciesspecific DNA fragment isolated from the M. uguluctiue genomic library. The results of hybridization assays with homologous and heterologous DNA, performed with this 1070-bp Hind111 DNA fragment had proved the specificity of this probe for M. uguluctiue (data not shown). However, hybridization with this digoxigenin-labelled probe did not give satisfactory results when tested with biological samples like milk. In order to overcome this problem, the PCR technique was developed using two primers selected from this 1070-bp DNA sequence.
The specificity of these two M. ugufuctiueprimers, AGl and AG2, was evaluated using the more closely-related species, M. bollis [16] , other species isolated from small ruminants like Mycoplusma strains of the serogroup 11 or M. yeutsii [4, 17] and the three other mycoplasmas involved in C.A.
M. uguluctiae was the only species giving the predicted 933-bp Ma-PCR product (Fig. 1A) . No amplification was observed with DNA from caprine lymphocytes nor with all other species except for eight of the 20 M.m.mycoides L.C. strains tested which gave a 350-bp product. Among the 33 M. uguluctiue strains tested, the strain 8790-CV isolated in Ethiopia yielded a 700-bp Ma-PCR product instead of a 933-bp. The remaining 32 M. ugaluctiue strains gave the 933-bp Ma-PCR product whatever the host or the geographical origin. The strain 8891-CS/l was characterized by a slightly different pattern with a second band of about 520-bp.
The TaqI restriction pattern of the 933-bp amplified product enabled confirmation of the identification of M. agalactiue. Among all the Ma-PCR products digested with TuqI, 28 presented the same pattern ( Fig. 2A) . The higher band corresponded to two fragments of 411 and 396-bp which were not easily separated even by an electrophoretic migration in a 4% NuSieve agarose gel. Three M. ugulactiueamplified products yielded a slightly different pattern, due to a third TuqI site cleaving one of these larger fragments (Fig. 2A, lane 10) . In spite of these variations, TaqI patterns remained sufficiently similar to be characteristic of the same species. The 8790-CV strain-amplified product did not present any TaqI site, nor the 520-bp band obtained for the 8891-C5/1 strain. The specificity of the MYC-PCR was checked with 20 bacterial species, those listed in Table 1 and those described in a previous study [9] . Among all the species tested, only those belonging to the 'mycoides cluster' were amplified (Fig. 1Bl . The electrophoresis revealed an amplification band of about 460-bp for all the 70 strains tested. According to the published sequences [14] , the size of these PCR-products ranged from 457 to 466-bp depending on the species involved. Thus a 350-bp Ma-PCR product coupled with a 460-bp MYC-PCR product corresponded to a 'mycoides cluster' strain. No amplification was obtained with DNA from caprine lymphocytes.
These two PCR assays were always performed in parallel for each sample. Therefore, a M. agulactiae strain was identified by a 933-bp Ma-PCR product and no amplification with the MYC primers. In contrast, a 460-bp MYC-PCR product and a negative or a 350-bp Ma-PCR amplified fragment characterized a 'mycoides cluster' strain (Fig. 1) .
The advantage of the developed test relies on the use of a single technique and a one-day procedure to identify the three mycoplasmas commonly involved in C.A. It was more practical, in order to avoid a large number of independent reactions, to use 'mycoides cluster'-specific primers rather than species-specific ones, to detect the 'mycoides cluster'-species involved in C.A.
M [18] . Until now, M.c.capripneumoniae, the causal agent of contagious caprine pleuropneumonia, had never been isolated except from lung lesions.
The sensitivity of the Ma-PCR and of the MYC-PCR was estimated from the results obtained with ten-fold dilutions of titrated cultures of two M. agalactiae strains and two M.m.mycoides L.C. strains, respectively. The sensitivity assessed by direct gel electrophoresis consistently reached 100 cfu per reaction since both sets of primers targeted a single-copy sequence (Fig. 3A) . The sensitivity was increased, for each PCR, by adding a dot-blot hybridization step. In order to avoid the use of radioactivity, digoxigenin was selected to label the probes. various milk preparation techniques are now in progress in order to select the most satisfactory method for rapid and sensitive detection of these mycoplasmas.
